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Photosynthetic carbon  metabolism  and  photorespiration
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ACCLIMATION  OF  TIIE MILRINE  DuaOM  Phaeadactytum

tricernutum  FROM  HIGH  COi  TO  LOW  COi
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  Cbangcs in tbe  pbotosynthetic affinities  for dissolved inorganic

carbon  (DIC) in the marine  diatom, Phaeodactylum tricernutum

(UTEX640) during acelimation  from high COi  to lew  C02  were

monitorcd,  The  mcasurement  was  delle with  Clark-type Oi

electrode  and  it was  found tbat cells gown in 5%-COrenriched  air

exhibited  affinity for DIC 10% that of  cells grown  in atmospheric

C02･

  Ihe inductioll of  the digh-affinity photosynthesis foT extemal

DIC started  immediately after  switching  the cells  frem high CO,  te

air,  alld  completcd  in the next  24hrs. External carbenic  aibydrase

(CA) activity  was  not  dctected tbroughout  the acclimatien,  The

addition  of bovine erythrocyte  CA  to thc assay  system  stimulated

phetosynthetic affinity  during the early  acclimatioll  stages.  Sueh

stimulatiDn  however was  llot obscrvcd  in the cells tetally

acc]imatcd  to lew C02. Tbe light dependcncy  ofthc  acclimation  of

high-CO, grown  cells to low CO, was  also  examined,
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Aeclimation or  COrinsensitive mutant  or  the green ftiga Cltbela
eLfpsoidea bom  air to ngh CO.
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 Vnien  wild-type  ce]ls  of  Chlorella eUijisoidn  are grcrwn in high CO.  the

expression  of  tiie inorganic carbon  concentrating  meclianism  <Cpm is ]wrgety

reptessed.  The OCM  is expressed maximally afteT ceils  ate transfered from

high-CO, to tow CO.  which confers  the cells high photosynthetic thty  fer

disso]ved inorganic caJbon  (DIq. It was  suggested  thal the repression  occurs  in
response  directly to extraellular  [COi in C. ellptoidea.  Tbis hypothesis ls

supperted  by  the iselation of  the eoi-irsensitive mutants  of  C. eUpteidea

induoedbyx-rayserN-ethytN-nitreseurea(M"U).Mntantsgrmminhigh-Cq

whbited high affinity for DIq  which  resembted that of  w;kl-type  eells grown
in alr. ln the present study,  effbcts  of  high CO,  en  ce1ls with  maximum  C(]V{

vvere  examined  and  cempmh  between wikl-type ce]ls  and  mutants.  Pmax,

affinity  for DIq  and  the rate of  growth  were  measmh  during acc]irnatien  of

air-grewn ce1ls  te high CO,, The resul  ts showed  that Pmax reduced  temporarily

to about 50%  and  7e%  initial valucs  in wild  type and  mutants,  respectively.

However,thedurationofsuchPniaxreduodonocaJrredwasonlyforonedayin

mutants  whereas  for Zdays in wild  type. Grewh  was  found te stop  for caays in

both Dells. Affinity for DIC  in wild-type  eets  started  deereasing in S days ef

aeclimntien  and  oontinued  to dearease for the next  4days, whereas  such

decrease in affinlty  was  net  observed  in mvtants.  Gven  these, it is pastulab d

that the COi-insensitive m-tants  pcssess higher capacity  te acalimate  to high

COi than that of  wild-type cet]&  desplte of  the continuous  operation  of

maxirJietT]  CaV{ undeThigh  COiin rnuim  ts.
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P-rification and  characterisatien  ef seluble  carbonie  anhydrase

thcmarinediaternPhaeodactylamtricornutum.
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Genes expressed  in relation with  the sensitivity to the arnbient  COi

in the green atga, ChloreUa eVipsoidea.
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 Microalgae, in general. are thought  te pessess the inorganic carbon

concentrating  mecharlisrn  (CCM). This is suppased  to be one  of  the

erucial  mechanisms  to  accemplish  high primary  productivity in the

equEtic environrnent.  Ihe mechanistic  bases ef  CCM  in marine

dlatoms are  not  studied  extensively,  eve"  though they are  censidered

te be ene  of  the majer  photeautetrophs in the ocean.  Cafooni¢

anhydrase  (CA, EC  4,2.1.1) is believed to bc  one  of  the important

components  of  the CCM,  In this study,  CA  was  purified from the

marine  diatem Phaeodactylum tricernatum  CUIEX642) and  partiaUy

characterized.  In air-grown  cel]s, there was  litt]e extracel]ular  CA

activity  detected whereas  that in the supernatant  of  the cell lysare was

high. CA  activity  was  fractionafed by  salting  out  with  ammenium

sulfate  and  fo]lowed by co]umn  chromatography  using DEAE-
sephacel and  p-aminemethylbenzene  su]fonamide-agarose.  Ihe

resu]ting CA fractian was  comprised  ef  etecrepheretica:ly"ingle

protein. The  purified CA  was  shown  in size  a: 29icDa, A  physielogical
assay  suggested  that this CA  was  indueed in the seluble  fraction of  the

cells in response to decrease in the infiow [C02] in the rnedia.

  Micreseopic  green algae  are  known  to pessess the ability  to

accumulate  dissolved inorganic carbon  (DIC) as substrates for

photosynthe$isfromthesurroundingmedi4whengrewnin

limiting-C02 concenrrations,  This mechanism  is termed  as

inerganie-carbon coneentrating  mechanism  (CCM). It has been

shown  at physiological bases that the CCM  ln the green alga,

Chlorella eilipsoidea  is repressed  in respense  direct]y to high [COi]
in the media  and  hence derepressed under  COrlimiting condition,

This interpretatjon is further supported  by the isolatien ofCOi-

insensitive mutants  ofthis alga  in which  CCM  is not  repressed  even

under  high [C02], Molecular mechanisms  behind the sensitivity of

microalgae  to cbanges  tn the amblent  [CO,] are  ]argely unknown.

COi･insensitivemutantsmayprovideuswithanumberofcluesto

study on  this point,

  ln this study, wild  type or mutant-specific  cDNA  libraries were

constructed  by cDNA-subtraction  method.  Results from sequencing

and  partia] characterization  ofthese  libraries wil]  be reported.


